We report the potential-dependent interactions of trimesic acid with Cu surfaces in EtOH. CV experiments and electrochemical surface-enhanced Raman spectroscopy show the presence of an adsorbed trimesic acid layer on Cu at potentials lower than 0 V vs Cu. The BTC coverage increases as the potential increases, reaching a maximum at 0 V. Based on molecular dynamics simulations, we report adsorption geometries and possible structures of the organic adlayer. We find that, depending on the crystal facet, trimesic acid adsorbs either flat or with one or two of the carboxyl groups facing the metal 
Introduction
Organic molecules with higher order symmetry and surface-active functionalities have attracted significant attention as building units for molecular networks on all kinds of substrates. [1, 2, 3, 4] Molecule-metal interactions are of particular interest as they promise possible applications in self-assembly driven surface patterning [5, 6, 7] or electronic-state engineering of the underlying metal. [8, 9, 10] Trimesic Acid (1,3,5-benzenetricarboxylic acid, BTC) has been the poster child for the study of specific interactions between coinage metals and organic acids. The behavior of BTC, especially on single crystal Au surfaces, has been investigated with regard to changes in monolayer structure at different surface coverages [11] or different temperatures under UHV conditions. [12] At the solid-liquid interface, BTC has been investigated as building block for 2-D porous networks, for example, on highly ordered pyrolytic graphite that can host molecules in its pores. [13, 14] BTC is also used as linker to build hybrid metal-organic frameworks (MOF) such as CuBTC (HKUST-1) [15] , MoBTC (TUDMOF-1) [16] or ZnBTC. [17] Some of these structures are accessible through electrochemical synthesis
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routes in an organic solvent through oxidation of a metal substrate in a solution of BTC. [18] CuBTC is of special interest here since it is one of the few electrochemically grown MOFs that form directly on electrode surface, as opposed to in the bulk-solution phase. [19] While some studies on BTC-metal interactions in aqueous electrolytes at different electrochemical potentials do exist, [20, 21] little is still known about the interaction of BTC with metal surfaces in organic solvents as commonly employed in MOF synthesis. Moreover, the potential-dependent metal-BTC interaction and its possible influence on the resulting framework properties, such as its adhesion or crystal orientation with respect to the surface, are unknown. Such knowledge would provide an important step toward potential-tuned growth of functional MOF materials.
The electronic structure of the metal electrode can easily be controlled through the applied potential in a standard three-electrode electrochemical setup. For coinage metals, additional vibrational spectroscopic information about the potential-dependent processes at the metal-adsorbate interface can be gathered with surface-enhanced Raman spectroscopy. [22] The combination of electrochemistry and surface-enhanced Raman spectroscopy (EC-SERS) has been extensively used to study metal-adsorbate interactions at solid/liquid interfaces. [23, 24] We set out to investigate the potential-dependent Cu-BTC interactions in EtOH. Using Au(111) as a substrate for electrochemical investigation of Cu (underpotential-) deposition and oxidation, we performed cyclic voltammetry (CV) to observe the effect of BTC on the energetics of Cu electrochemistry in EtOH (Figure 1 a) ). We complement our findings with EC-SERS experiments performed on polycrystalline Cu to obtain in-situ information about
the potential-dependent adsorption characteristics of BTC on Cu. Our experimental findings are expanded further by molecular dynamics simulations to gain structural information about the Cu-BTC interface. Finally, we spectroscopically observe the potential-triggered transition of BTC from a surface adsorbate into an integral building block of a 3D MOF (Figure 1 b) ).
Au ( 
Experimental details

Materials
EtOH (G CHROMASOLV, 99.9 %), Cu nitrate hemipentahydrate and methyltributylammonium methylsulfate (≥ 95%) were received from Sigma Aldrich. BTC (≥ 98%) was received from Santa Cruz Biotechnology. All chemicals were used without further purification. Polycrystalline Cu electrodes (99.99 %) were received from GAMETEC Analysentechnik. The
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Au(111) single crystal was obtained from small single crystal beads that were oriented, cut and polished by Clavilier's method. [25, 26] The bead was produced by using a very small flame from a hand torch (propane-oxygen)
to melt a Au wire and slowly cooling the melted bead.
[27]
Methods
Electrochemical measurements on Au(111) were performed using a μ- nitric acid, copious amounts of ultrapure water and finally flame-annealed before storage.
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
Raman measurements were conducted using a home-built electrochemical 
Computational methods
Model and simulation details
We studied the adsorption of a single BTC molecule at the interface between EtOH and different Cu(100), (110) and (111) surfaces. The thickness of the Cu slab is 1.25, 0.93 and 1.1 nm for the three Cu(100), (110) and (111) surface models, respectively. The slab is solvated with an EtOH slab of 6.7 nm thickness. The details of the simulation model for the three Cu surfaces/EtOH interface with BTC molecules has been listed in Table 1, including number of atoms, molecules and box sizes. The system was charge neutral.
All molecular dynamics (MD) simulations have been performed using GROMACS package (version 5.0.2). The simulations have been performed using an atomistic force field. The force field is non-reactive and suitable to describe physisorption. Periodic boundary conditions were applied in all and temperature (T) for 10 ps, and later with NPT ensemble with constant pressure (P) instead of volume. For the systems containing a single BTC molecule, the MD production runs were extended over 50 ns. Longer runs up to 500 ns were used for the higher-concentration models to obtain improved statistical sampling.
Force-field parameters
The GROMOS96 53a6 force-field package was employed for all our MD simulations. [34] Force-field parameters for BTC were generated by the Automated Topology Builder (ATB), [35] using bonded and van der Waals parameters from the GROMOS force-field. Lennard-Jones parameters for Cu metal [36, 37, 38] , optimized to reproduce adsorption geometries and energies for organic and biomolecules at interfaces, were used and are reported in Table 2 .
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Results
CV on Au(111)
We conducted CV experiments to investigate the influence of BTC on the oxidation and reduction of Cu. As a substrate, we chose a Au (111) single-crystal surface that can be recovered during the experiments, ensuring maximal reproducibility of the results. In Figure 2 , we show the CV shoulder, and a second anodic peak (A') appears at 0.37 V.
Electrochemical surface-enhanced Raman spectroscopy
To gain chemical insight into the interaction of BTC with the Cu surface, we performed EC-SERS on polycrystalline Cu. The experiments were performed in the potential region from -0.4 V to +0.1 V vs Cu, the area in which we see the strongest differences in the CV experiments between BTC containing and BTC-free solutions. and describe the potential-dependent changes in the peak structure in depth. here since the SERS response shows large changes over time which we will describe in detail below.
While as the intensity of peak A decreases. In the beginning, peak C is not distinguishable from the noise, and only starts being visible after 80 seconds. The intensity increases with time, albeit not monotonously. After 7 minutes, the intensity stabilizes and shows no significant changes over the last 2 minutes of the experiment. In fact, the whole spectrum shows only small changes throughout the last two minutes of the experiment.
Molecular dynamics simulations
To gain insight into the adsorption geometry and surface structure of BTC on Cu in EtOH, we performed MD simulations on the adsorption of BTC on the most stable low index Cu surfaces, namely (100), (110) and (111).
The idea is to provide an atomistic description of the liquid structure at the solid/electrolyte interface, taking into account both, temperature effects and the explicit treatment of the solvent. MD simulations were carried out at room temperature (300 K) and explicitly including a BTC/EtOH solution.
An overview of different binding configurations of a single BTC molecule
on Cu is reported in Figure 6 . The configurations reported represent minima in the energy surface in the presence of explicit (ethanol) solvent. On all the three surfaces, BTC favorably binds to the Cu surface, however the Increasing the concentration of BTC in the simulation box allows us to investigate the ensemble structures that form when more BTC adsorbs on the Cu(100) surface. In particular, here we discuss the case of a Cu(100) surface in contact with a 1.12 M BTC in EtOH (bulk) solution, which corresponds to 180 BTC molecules in the simulation box. Note that the actual interface concentration can be higher, given the high propensity of BTC to adsorb on the Cu surfaces. In Figure 7 , a snapshot of the Cu/electrolyte interface from The potential-dependent EC-SER spectra in Figure 3 A C C E P T E D M A N U S C R I P T
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Adlayer structure from molecular dynamics simulations
The MD simulations reveal multiple possible adsorption geometries of BTC on Cu in EtOH ( Figure 6 ). So far most of the research has concentrated on UHV conditions. [11, 12] In such conditions, BTC is known to assemble in diverse supramolecular structures due to the trigonal exodentate functionality, and the most common motif identified therein is a planar honeycomb network structure formed through the dimerization of the carboxyl groups.
On Cu(100) at low temperatures ( ≤ 280 K), flat-lying BTC molecules form islands where the honeycomb motif prevails. As the temperature increases (300 K), stripe-shaped supramolecular structures are formed. [45] This change is associated with a deprotonation of the BTC molecules, leading to carboxylate formation and an upright bonding geometry. These results demonstrate how adsorbate-substrate interactions can be exploited to drive the transformation of supramolecular arrangements at surfaces.
The presence of the solvent changes this described picture since the solvent can strongly interact with BTC through, for example, hydrogen bonds.
We find that depending on the exposed crystal facet, BTC can either lie flat on the surface, or stand upright with one or two of the carboxyl groups directly binding to the surface. These multiple possible adsorption geometries yield an explanation for the SER spectral shoulder we see towards the lower energy side of the v asym CO 2 peak at 1550 cm −1 (Figure 4 a) While the electrochemical synthesis of CuBTC MOF in EtOH has been described before, [48] this is to our knowledge the first time spectroscopic insight into the electrochemical interface during the synthesis is presented.
Additionally, for the first time, a BTC-metal interaction prior to the oxidation of Cu is reported for this system. The adsorption of BTC at Cu prior to MOF formation could be the explanation for the commonly observed strong adhesion of MOF to the Cu electrode, a fairly unique property of electrosynthesized CuBTC compared to other electrochemically produced MOFs. [19] Identifying metal-linker combinations where a strong adsorption of the linker to the surface of the metal is to be expected could prove to be a valuable starting point in the ongoing search for new, surface-anchored electrosynthesized MOFs.
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Conclusion
The 
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